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Abstract 


A composition for use in the process of mass finishing of metal surfaces of objects, normally in a vibratory finishing process, 
utilizes a combination of oxalic acid, sodium nitrate, and hydrogen peroxide. The maximum concentration of the latter in an 
aqueous solution used in the process is limited to a value (0.05 gram mole/I) at which excessive dissolution of metal and 
pitting of the surface are avoided while, at the same time, cooperating with the nitrate to effect a substantial increase in the 
processing rate. Highly refined surfaces are achieved using the process in relatively short p eriods of time. 
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Description 

"SOLUTION, COMPOSITION AND PROCESS OF REFINING METAL SURFACES" 

The present invention relates to a solution, composition and process of refining metal surfaces. 

A process for refining metal surfaces is described in US-A-4,491 ,500 to Michaud et al, which involves the development, 
physical removal and continuous repair of a relatively soft oxide coating on the surface. High points are removed through 
mechanical action, preferably generated in but not limited to vibratory mass finishing apparatus, and very smooth and level 
surfaces are ultimately produced in relatively brief periods of time. Although the process described in the patent is most 
effective and satisfactory, it is self-evident that the realization of even higher production rates would constitute a valuable 
advance in the art. 

Among the active ingredients specified in US-A-4,491 ,500 to provide exemplary formulations, are a phosphate salt or acid, 
or a mixture thereof with oxalic acid, sodium oxalate, or the like. The incorporation of a sulfate or chromate compound is 
disclosed, as is the use of metal phosphate activators or accelerators, and organic and inorganic oxidizers; if used, the 
latter is included in a minimum amount of 0.5 percent by weight of the total liquid substance.As a specific working 
example, US-A-4,491 ,500 discloses a solution consisting of eight ounces (227 g), per gallon (3.78 I) of water, of a mixture 
of '15 percent of sodium tripolyphosphate and 85 percent oxalic acid, to which is added 1 .0 percent, based upon the total 
weight of the liquid substance, of a 35 percent aqueous solution of hydrogen peroxide (i.e., 0.103 gram mole per liter) 
containing a small amount of phosphoric acid stabilizer. 

In such formulations, it is known that the incorporation of an oxidizing agent, e.g., hydrogen peroxide, produces a 
substantial increase in activity. This result is however accompanied by significant detrimental side-effects. In particular, as 
employed in the prior art the peroxide causes considerable dissolution of the metal, giving rise to very difficult problems of 
dimensional control and accuracy. 

For example, oxalic acid/hydrogen peroxide solutions have been utilized widely for the surface refinement of workpieces 
prior to electroplating. Because of the tendency for the solution to dissolve metal from the non-contact surfaces, it has 
been necessary to form the workpiece with extra thicknesses of metal in such areas, so as to accomnrKsdate the 
dissolution and thereby endeavour to produce the ultimate dimensional specifications. Such a process is obviously difficult 
to control and is, at least to that extent, inherently undesirable. (As used herein, the terms "non-contact surface " or "non- 
contact area" refer to those surfaces of the workpiece that are not exposed to substantial contact, during the surface 
refinement operation, by other workpieces or any mechanical finishing media used, such as are present within the open or 
box-end of a wrench). 

Furthermore, the peroxide concentrations heretofore employed have had a tendency to produce pitting of the metal 
surface, in turn creating a flawed appearance on the finished article. This gives rise to the need for further refinement of 
the surface, or necessitates the acceptance of a product of inferior surface quality. 

Accordingly, it is an object of the present invention to provide a novel solution, and a novel composition for producing the 
same, which is highly effective for the refinement of metal surfaces utilizing a chemical/mechanical finishing technique. 

More specifically, the invention aims to provide such a solution and composition by which the surface refinement is 

achieved at an increased rate, while avoiding pitting of the surface or substantial dimensional decreases on non-contact 
surfaces. 

Additionally, the invention seeks to provide a solution and composition having the foregoing characteristics and 
advantages, and which are of such chemical activity that the conversion coating produced is reformed continuously and at 
a high rate, and is of increased thickness, both features enabling utilization of mass finishing apparatus at high energy 
levels and thereby maximizing production rates. 

Further, the invention seeks to provide a novel process for the refinement of metal surfaces utilizing such solutions, which 
process achieves the desired surface and dimensional characteristics at high production rates, and is adapted to be 
carried out under ambient conditions. 

It has now been found that certain of the foregoing ainns of the invention are readily attained by the provision of an 
aqueous solution comprising water, a water-soluble oxalate compound, a water-soluble nitrate compound, and a water- 
soluble peroxy compound. The solution contains a sufficient amount of the oxalate compound to provide about 0.125 to 
0.65 gram mole per liter of the oxalate radical, a sufficient amount of the nitrate compound to provide at least about 0.004 
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gram mole per liter of the nitrate radical, and a sufficient amount of the peroxy compound to provide 0.001 to 0.05 gram 
mole per liter of the peroxy (-0-0-) group. 

Generally, the nitrate compound will provide a maximum of about 0.2 gram mole per liter of the nitrate radical; the 
preferred solution will contain about 0.25 to 0.45 gram mole per liter of the oxalate radical, about 0.05 to 0.1 1 gram mole 
per liter of the nitrate radical, and about 0.01 to 0.03 gram mole per liter of the peroxy group. In many instances, best 
results will be achieved with a solution containing about 0.4 gram mole per liter of oxalate radical, about 0.1 gram mole per 
liter of the nitrate radical, and 0.02 gram mole per liter of the peroxy group. Normally, the oxalate compound will be oxalic 
acid, the nitrate compound will be sodium nitrate, and the peroxy compound will be hydrogen peroxide. The solution 
should have a pH of about 1.5 to 3.0, and it may include additional ingredients, such as an effective amount of a wetting 
agent. 

The invention also provides a composition which, when added to water, .will produce a solution as hereinabove described. 

Sodium perborate, sodium percarbonate, sodium persulfate, ammonium persulfate, potassium perborate and potassium 
persulfate may be used with oxalic acid and sodium nitrate to provide an exemplary dry, single-package composition. 

Additionally, the invention provides a process in which a mass of elements, including a quantity of objects with metal 
surfaces, is introduced into the container of a mass finishing unit! The elements are wetted with a solution of the 
composition described herein, and the mass is rapidly agitated while maintaining the surfaces in a wetted condition. The 
agitation produces relative movement and contact among the elements, and preferably continuous oxygenation of the 
solution, and is maintained for a period of time sufficient to effect the desired refinement. Generally, the surfaces of the 
objects will have arithmetic average (AA) roughness values in excess of about 30 at the time of introduction, and will 
ultimately exhibit a roughness of about 6 AA or lower after a total agitation period of about four hours or less. Normally, the 
nrtass of elements will include a quantity of mechanical finishing media, and the solution will be used in an amount equal to 
about 1 5 to 25 percent of the volume of the mass finishing unit bowl. 

Certain preferred embodiments of the present invention will now be described with reference to the following non-limiting 
specific examples. 



Example One 



Solutions having the compositions described below in Table One are prepared. The solid ingredients are expressed as 
percentages of their combined weights, and are used in a concentration of 45 grams of the mixture per liter of water; when 
employed (as indicated by a n "X" in the table), hydrogen peroxide is used at a concentration of 0.035 gram mole of the 
compound per liter of solution, and is introduced by adding 0.3 percent (based upon the volume of the solution) of 
standard, 35 percent hydrogen peroxide reagent. 

The workpieces employed are the box-end portions cut from wrenches forged from 50B44 steel, heat treated to a Rockwell 
"C" hardness of 50-53 and then temper drawn in a salt bath to a Rockwell "G" value of 41 -43. Ten such parts are loaded 
into a vibratory finishing unit, together with a sufficient amount of a fired procelain media (of 1 -3/8 inch by 1/2 inch thick - 
3.3 by 1 .2 cm, triangular form and containing 28 percent of 325 grit aluminum oxide) to substantially fill its 140 titer bowl, 
and the unit is operated at the 4 millimeter amplitude setting. Fresh solution is continuously metered into the bowl and 
drawn off, at a rate of about 23 liters per hour, and the temperature rises from ambient to about 35 DEG Centigrade during 
the run.The weight loss ("Wt" - expressed as a percentage of the starting weight) and surface refinement, as functions of 
time (expressed in hours elapsed), are reported in Table Two below; the surface finish is expressed by the extremes of 
arithmetic average roughness (AA) values, as determined by a "P-5" Hommel Tester: 

As can be seen, even after only one hour of operation the solutions containing the oxalate/nitrate/peroxy combination 
(Nos. 6 and 7) produce dramatic results, both in terms of weight loss (which is indicative of efficiency, and is desirable if 
not due to dissolution from non-contact surfaces), and also in terms of surface smoothness. Further dramatic 
improvements are attained during the second and third hours, particularly with the phosphate-free solution (No. 6), ultimate 
refinement being produced by the end of the run. 

Similar tests using solutions containing the same ingredients as No. 6, but in which the amount of peroxide is increased to 
0.5 percent and 1 .0 percent by volume of the 35 percent reagent (0.058 and 0.1 1 6 gram mole, respectively, of peroxy 
group per liter) produce inferior results. At the lower concentration, surface pitting is substantial and is in excess of that 
which would be considered commercially acceptable. At the higher level, excessive dissolution of metal from the non- 
contact areas of the parts occurs, and would be problematic as a practical matter. For example, on an open end wrench 



http://12.espacenet.com/espacenet/desc?LG=en&CY=ep&DB=EPD&PNP=EP026836 1 &PN=EP026836 1 &F. . . 5/20/03 



esp@cenet - Document Description 

a t 



Page 3 of 4 



having an area on the gripping surfaces of about six square centimeters, a dimensional decrease (i.e., increase in the size 
of the opening) of about 0.013 millimeter per side is produced. 

■ 

Example Two 



Parallel runs are carried out using Solutions Nos. 1 , 5 and 6, as defined in Table One, for vibratory finishing of hardened 
steel (RB-50) panels measuring about 5 by 1 0 centimeters and having surfaces of specular brightness. Four such panels 
are simultaneously loaded into a vibratory bowl having a capacity of about 28 liters, the bowl being substantially filled with 
ceramic media of angle-cut cylindrical form and containing about 20 percent of 325 grit aluminum oxide. About 0.5 liter of 
solution, heated to about 35 DEG Centigrade, is used, and the unit is operated at an amplitude setting of 3 millimeters; in 
each case, the solution has a pH of about 1 .5-1 .6. 

The times at which film formation is first observed, and at which the film appears continuous over the surface, are both 
noted. After one hour, the weight of the film developed, and the total weight loss per panel (average of three) are 
determined, and the condition of the surfaces of the panels is observed. The results are set forth in Table Three below, 
wherein times are expressed in minutes, weight loss is in grams, and film weight is in milligrams per square meter; in all 
instances, the surface is very lightly etched. EMI115 TI=TB> 

As will be appreciated, early film formation, the development of heavy deposits, and significant weight loss are all 
indicative of high effectiveness in the surface refinement operation. Consequently, the foregoing data, coupled with the 
observations of low etch and attack on non-contact surfaces, demonstrate the surprising results that are attained with the 
compositions and processes of the present invention. 

Although oxalic acid, sodium nitrate and hydrogen peroxide will generally be the preferred ingredients, as a practical 
matter, substitutions of functionally equivalent compounds can of course be nnade. Indeed, in some instances the 
utilization of substitutes may be desirable. 

More particularly, sodium oxalate, or a different water-soluble compound that will provide the oxalate radical, can be 
substituted for oxalic acid. Potassium nitrate can of course be used in place of sodium nitrate, and other alternative 
sources for the radicals will readily occur to those skilled in the art. As a matter of economics and practicality, the peroxy 
group will normally be furnished by hydrogen peroxide. When a single-package product is desired, however, the source of 
peroxide may be a water-soluble perborate, a percarbonate or a persulfate compound (e.g., the sodium derivatives). In 
view of the hydroscopic nature of such solid peroxy compounds, the incorporation of an anti-caking agent or a dessicant 
may be found to be beneficial. 

As to the quantities of ingredients, the use of 0.125 to 0.65 gram mole per liter of the oxalate radical will generally be found 
to provide good processing speed without engendering undue attack upon the metal, albeit that the use of concentrations 
within the preferred range specified will, in most cases, provide the best results. The amount of the compound utilized to 
furnish the nitrate radical may vary within wide limits, it being necessary only that the minimum specified amount (i.e., 
0.004 gram mole of the radical per liter) be present. The nitrate radical is believed to contribute both to the speed at which 
the metal surface is oxidized and also to the weight of the conversion coating produced.As noted, the radical may be 
present in a concentration as high as about 0.2 gram mole per liter or more, although in the normal case an amount in the 
range 0.05 to 0.1 1 gram mole per liter will afford optimal results. 

Incorporation of the peroxy compound in an amount sufficient to provide the peroxy group in the specified concentration of 
0.001 to 0.05 gram mole per liter is of utmost importance. The lower limit simply represents the amount that has been 
found to be adequately effective in combination with the other ingredients specified. Adherence to the upper limit, however, 
is believed to be essential to the attainment of the unexpected results achieved in accordance with the invention. Such 
amounts of peroxide enable substantial increases in reaction speed and conversion coating weights to be realized without 
producing significant pitting or excessive attack upon non-contact areas of the parts being treated. 

As noted above, one percent by weight of 35 percent hydrogen peroxide (giving a concentration of the peroxide group in 
excess of about 0.1 gram mole per liter) increases reaction speed commensurately, but also causes excessive dissolution 
of the metal and makes the process difficult to control. Decreasing the concentration of the peroxy group by use of 0.5 
percent of the peroxide reagent significantly moderates the dissolution of metal from the non-contact areas of the parts, 
and is accompanied by a reduction of only about 1 0 percent in the rate at which the oxide coating is produced; however, 
surface pitting occurs to an extent that is intolerable from the commercial standpoint. 
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Operating within the ranges of peroxy group concentration specified herein substantially avoids both the problem of 
excessive dissolution and also of suriface pitting. Alt hough it does so at some further sacrifice of reaction speed (i.e., the 
rate may be decreased by about 10 percent from that which is achieved utilizing a solution that is about 0.06 molar in 
peroxy), still the rate is substantially raster than that which would be realized utilizing the same formulation from which the 
peroxy compound has been omitted. More particularly, incorporating the peroxy and nitrate compounds in the quantities 
specified increases the rate of surface refinement by about 20 to 40 percent, as compared to that which is achieved using 
oxalic acid alone. 

As will be appreciated by those skilled in the art, virtually any type of mass finishing equipment can be utilized in the 
practice of the instant process. Most generally, vibratory equipment will be used, but open tumbling barrel equipment, 
vented closed tumbling barrel equipment, and centrifugal finishing equipment can also be employed, if so desired. The 
equipment is operated in a normal manner, and abrasive or other physical media may or may not be added, depending 
upon the nature of the metal workpieces and the results desired. It should be understood that, as used herein, the term 
"mass of elements" encompasses both the metal surfaced objects that are to be treated, and also any physical mass 
finishing media that is employed.As is well known, typical media include quartz, granite, natural and synthetic aluminum 
oxides, silicon carbide and iron oxides, which may be held within a matrix, such as of procelain, plastic, or the like. In the 
normal practice of the invention, a metal casing or forging will first be subjected to a course finishing operation, such as by 
grinding or belting to a 150 grit finish, and ferrous metal parts will normally be descaled and rinsed prior to treatment in 
accordance with the present process. 

Thus, it can be seen that the present Invention provides a novel solution, and a novel composition for producing the same 
which is highly effective for the refinement of metal surfaces utilizing a chemical/mechanical finishing technique. The 
solution and composition effect surface refinement at increased rates white avoiding pitting of the surface and sub stantial 
dimensional decreases on non-contact areas; the coatings produced thereby are reformed continuously and at high rates 
and they are of increased thickness, enabling utilization of mass finishing apparatus at high energy levels and in turn 
maximizing production rates. The invention also provides a novel process for the refinement of metal surfaces utilizing 
such solutions, which achieves the desired improved surface and dimensional control at high production rates and under 
ambient conditions. 
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Claims 



1 . An aqueous solution for use in the refinement of metal surfaces, comprising water, a water-soluble oxalate compound, a 
water-soluble nitrate compound, and a water-soluble peroxy compound, the solution containing a sufficient amount of the 
oxalate compound to provide about 0.125 to 0.65 gram mole per liter of the oxalate radical, a sufficient amount of the 
nitrate compound to provide at least about 0.004 gram mole per liter of the nitrate radical, and a sufficient amount of the 
peroxy compound to provide 0.001 to 0.05 gram mole per liter of the peroxy group. 

2. The solution according to claim 1, wherein the nitrate compound provides up to about 0.2 gram mole per liter of the 
nitrate radical. 

3. The solution according to claim 1 , wherein the oxalate compound provides about 0.25 to 0.45 e.g. 0.4 gram mole per liter 

of the oxalate radical, the nitrate compound provides about 0.05 to 0.1 1 gram mole e.g. 0.1 per liter of the nitrate radical, 
and the peroxy compound provides about 0.01 to 0.03 e.g. 0.02 gram mole per liter of the peroxy group. 

4. The solution according to any of claims 1 to 3, wherein the oxalate compound is oxalic acid, the nitrate compound is 
sodium nitrate, and the peroxy compound is hydrogen peroxide, said solution having a pH of about 1 .5 to 3.0. 

5. The solution according to any of claims 1 to 4, which further includes an effective amount of a wetting agent. 

6. A composition for addition to water to provide an aqueous solution for use In the refinement of metal surfaces, 
comprising a water-soluble oxalate compound, a water-soluble nitrate compound, and a water-soluble peroxy compound, 
the composition including the said compounds in quantities sufficient to provide, upon dilution with one liter of water, about 
0.125 to 0.65 gram mole of the oxalate radical, at least about 0.004 gram mole of the nitrate radical, and 0,001 to 0.05 
gram mole of the peroxy group. 

7. The composition according to claim 6, wherein the compounds are solid under ambient conditions and the composition 
is in the form of a substantially dry powder. 

S.The composition according to claim 7, wherein the oxalate compound is oxalic acid, the nitrate compound is sodium 
nitrate, and the peroxy compound Is selected from sodium perborate, sodium percarbonate, sodium persulfate, ammonium 
persulfate, potassium perborate and potassium persulfate. 

9. A process for the refinement of metal surfaces of objects, the steps comprising: 

(a) providing an aqueous solution including water, a water-soluble oxalate compound, a water-soluble nitrate compound, 
and a water-soluble peroxy compound, said solution containing a sufficient amount of the oxalate compound to provide 
about 0.125 to 0.65, e.g. about 0.25 to 0.45, gram mole per liter of the oxalate radical, a sufficient amount of the nitrate 
compound to provide at least about 0.004, e.g. 0.05 to 0.1 1 , gram mole per liter of the nitrate radical, and a sufficient 
amount of the peroxy compound to provide 0,001 to 0.05, e.g. 0.01 to 0.03, gram mole per liter of the peroxy group; 

(b) introducing into the container of a mass finishing unit a mass of elements comprising of a quantity of objects with metal 
surfaces, for example of iron or ferrous alloys; 

(c) wetting the mass of elements with the said solution; 

(d) rapidly agitating the mass of elements while maintaining the surfaces wetted with the solution, the agitation producing 
relative movement and contact among the elements; and 

(e) continuing said agitation step for a period sufficient to effect a significant reduction in roughness of the surfaces. 



10. The process according to claim 9, wherein the mass of elements includes a quantity of mass finishing media. 

1 1 . The process according to claim 9 or claim 1 0, wherein the metal surfaces have a finish of arithmetic average 
roughness In excess of about 30 at the time of introduction, and wherein the process is performed to yield significant 
reduction in roughness amount to an arithmetic roughness value of about 6. 

12. The process according to claim 1 1 , wherein the duration of the agitation step is about four hours or less. 

13. The process according to any of claims 9 to 12, wherein the agitation step produces continuous oxygenation of the 
solution. 



http://12.espacenet.com/espacenet/claims?LG=en&CY=ep&DB=EPD&PNP=E^ 5/20/03 



esp@cenet - Document Claims 



Page 2 of 2 



14. The process according to any of claims 9 to 13, wherein the solution is provided in an amount equal to about 15 to 25 
-'percent of the volume of the mass finishing unit container. 
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